Background: Vaccination is an effective public health intervention for reducing childhood morbidity and mortality. It becomes more effective if the child receives the full course of the recommended doses. In Ethiopia, many children fail to complete the full course, and there is a consensus on the low coverage of complete vaccination; however, factors relating to the problem have not been largely explored by community based studies. The problem still persists posing a challenge to the health care delivery system. Therefore, this study assessed the predictors of incomplete childhood vaccination among children aged 12-23 months. The result is expected to improve health promotion efforts to boost childhood vaccination uptake and serve as a tool for increasing the utilization of the existing Expanded Program on Immunization efforts. Methods: A community-based unmatched case-control study was conducted in six kebeles of Amanuel district in east-central Ethiopia from March to April 2014. Census was carried out to identify cases and controls. A total of 308 mother-child pairs (154 cases and 154 controls) were selected by the stratified multistage sampling technique. Cases were children in the 12-23 months age group who missed at least one dose of the recommended vaccination. Child vaccination cards and mothers' oral responses were used to verify the vaccination status of each child. Data were collected using interviews through a pretested structured questionnaire and analyzed using SPSS version 20. A p-value of less than 0.05 was considered for declaring statistical significance. Results: The study revealed that the odds of defaulters from childhood vaccinations noted among mothers who delivered at home were high [AOR = 4.11, (95% CI: 2.26, 7.47)]. Other irregularities detected were lack of antenatal care visits during pregnancy [AOR = 2.54, (95% CI: 1.31, 4.95)], misperception about vaccines [AOR: 2.83, 95% CI: (1.56, 5.15)], and lack of postnatal care visits [AOR = 2.51, 95% CI: (1.18, 5.33)]. Conclusion: Home deliveries, a misconception on vaccine, lack of prenatal and postnatal care services were found to be the predictors of incomplete childhood vaccinations. Therefore, increasing mothers' awareness on childhood vaccination, strengthening maternal health service utilization, and supervision and monitoring are highly recommended to reduce incomplete vaccination in the study setting.
Background
Immunization remains one of the most cost-effective public health interventions to reduce childhood morbidity and mortality [1, 2] . Since it is accessible to the most hard-to-reach and vulnerable population, it is considered as a globally proven strategy for childhood intervention. Each year, immunization averts more than 2 million vaccine-preventable deaths globally [3] [4] [5] [6] . Vaccination becomes more effective when it is administered with the most potent vaccine at the appropriate age [7, 8] . In connection to this, the World Health Organization (WHO) recommends that it should be made sure that all children receive all necessary doses of all vaccines before their first birthday. Thus, children are considered as fully vaccinated when they have received vaccinations against tuberculosis (BCG), three doses of pentavalent vaccine DPT-Hep-Hib, polio vaccines, two dose of Rota, pneumonia and a measles [9, 10] .
Although vaccination offers greater benefits of health, well-being, and survival of children than any other interventions, vaccine-preventable diseases are still responsible for about 25% of deaths of under-five children [3, 11] . Most of the deaths are from diarrheal diseases, acute respiratory infections, and measles. Globally, about 22.6 million children under the age of 1 year are partially protected, and more than a quarter of these are reported in low and middle-income countries [3, 12, 13] .
In spite of the accepted benefits of vaccination for childhood survival and health, full childhood vaccination practice has been diverse and affected by various factors, such as wealth status [11, [14] [15] [16] , mothers' age [11, 14, 15, [17] [18] [19] , mothers' education [11, 14, 15, [19] [20] [21] [22] [23] , history of prenatal care [14, 17, 24] , child sex and age [11] , birth place [17, 21, 24, 25] , residence [11, 26] , mothers' knowledge about immunization [14, 16, 23, 24, 27, 28] , health workers' home visits [17] , missing opportunities [29] , distance to health institutions [14, 21, 26] and perception about the benefits of immunization [11, 19, 26, 27] .
In Ethiopia, a routine immunization program was launched by providing six traditional antigens in 1980. The Program was revised subsequently and was capable of providing 10 vaccines to under 1 year of age at the moment [30, 31] . In addition to the traditional vaccines that are given without any charge, new vaccines are continuously introduced into the Immunization Program. Recently, the program has successfully introduced additional antigens which have resulted in the protection of millions of children from vaccine-preventable diseases. Haemophilus influenza type B and Hepatitis B vaccines were introduced in the form of a pentavalent combination vaccine in 2007, while Pneumococcal Conjugate (PCV-10) and Rotavirus vaccines were introduced in 2011 and 2013, respectively [6, 32, 33] . Currently, vaccination in Ethiopia is being given on routine and outreach bases. Thus the national routine vaccination schedule recommends that childhood vaccination should start from birth and be completed before the first birthday with one dose of bacillus Calmette-Guerin (BCG), oral polio vaccine doze (OPV 0), three doses of OPV, Pentavalent, two doses of Rota, pneumonia vaccines, and finally measles vaccine at the age of 9 months. Moreover, Inactivated Polio Virus (IPV), measles-rubella, meningitis, and yellow fever vaccines for less than one-year-old children are planned under the implementation [32, 33] (Table 1) .
Currently, immunization services are given to 3 million children under the age of 1 year in most health facilities. Despite various government initiatives, incomplete vaccination has still been a problem in the country. In Ethiopia, vaccination coverage among children aged 12-23 months is the highest (81%) for the first dose of polio vaccine, followed by 73% of first dose of DPT-HepB-Hib vaccine. The 2016 Ethiopian Demographic and Health Survey (EDHS) indicated that more than half (53%) of children in Ethiopia received three doses of the DPT-HepB-Hib vaccine and 54% measles vaccination [9] . Nationally, the dropout rate from the first to the third dose of (DPTHepB-Hib and polio vaccine) was 20% and 25%, respectively [9] . According to the national report of EDHS in 2016, there was a steady progress in full immunization coverage, and the percentage of children aged 12-23 months who received all basic vaccinations increased from 14% in 2000 to 20% in 2005 [34] , from 24% in 2011 [35] to 39% in 2016 [9] . However, the national full vaccination coverage in 2016 increased by 25% from the level reported in the 2000 EDHS. This remained far below the goal of 66% coverage set in HSDP IV and the 90% target in 2020 [36] . Particularly, the Amhara Region had a low level of full immunization of 26.3% in 2011 and 46% in 2016, and the district in question is known for frequent outbreaks of vaccine-preventable diseases, especially measles. Full vaccination coverage in Ethiopia varied by region, and the lowest full vaccination coverage of 15% was [10] , and full immunization coverage is less than the herd immunity level desired to prevent the spread of vaccine-preventable diseases.
Most of the studies conducted earlier on immunization were part of the coverage evaluation surveys (cross-sectional), so there were chances of recall bias. Therefore, this study can minimize this research gap and draw attention to the largely unexplored factors that may be associated with incomplete childhood immunization. The study thus assessed factors associated with incomplete vaccinations among children 12-23 months of age at Amanuel district to generate data that could be used for better planning and strengthening routine immunization services.
Methods

Study design and setting
A community-based unmatched case-control study was conducted from March to April 2014 in Amanuel, one of the 18 districts in East Gojam Zone, Amhara Regional State, east-central Ethiopia. The district is known for frequent outbreaks of vaccine-preventable diseases, especially measles. It has 26 kebeles (one urban and 25 rural), and an estimated total population of 133,188. Initially, the kebeles (the smallest administrative units in Ethiopia) in the district were stratified into urban and rural settlements.
Sample size and sampling procedure
Mothers who had children aged 12-23 months were the population under study. Sample size was calculated using Epi-info version 3.5.3 by considering the following assumptions, proportion of illiterate mothers or caretakers among controls 52%, among cases 76% [37] , 95% level of confidence, 5% margin of error, a design effect of 2, case: control ratio of 1:1, and 15% non -response rate. Finally, the minimum sample size of 308 (154 cases and 154 controls) was obtained. Initially, the district was stratified into urban and rural kebeles. Out of the total 25 rural kebeles, 6 were selected randomly, and the only urban kebele was included. Mother-child pairs were recruited from six rural and one urban kebeles. A community survey was conducted a week before the actual data collection to identify cases and controls (Tables 2 and 3 ). The final sample size of cases and controls from each kebele was allocated based on the probability proportional size to the number of children aged 12-23 months. As a result, participants were mothers who had children aged 12-23 months in the kebels selected by the stratified multistage random sampling method and were assigned based on proportion to size to each kebele ( Fig. 1 ).
Data collection tools and procedures
A structured interviewer-administered questionnaire was used to collect the data. In addition to WHO EPI data collection forms, instruments were constructed by reviewing a variety of literature. The instrument consisted of socio-demographic and economic variables, mother health service related characteristics, and knowledge and attitude on immunization. Moreover, health care access and satisfaction with health care service were assessed in the questionnaire. To maintain consistency, the questionnaire was first translated from English to Amharic (the native language of the study area) and was retranslated to English by professional translators and public health experts. Five clinical nurses and two health officers were recruited as data collectors and supervisors, respectively. A two-day intensive training regarding the objective of the study, confidentiality of information, and techniques of conducting interviews was given to both groups. The tool was also piloted on 5% of the total sample out of the study area, and the acceptability and applicability of the procedures and tools were evaluated by the pretest. Mothers' knowledge of the schedules of vaccination was assessed using nine questions. Mothers were asked about the age at which the children began immunization, at what age measles vaccine was administered, about the number of vaccinations needed for a child to be fully immunized, and the age at which children completed the immunizations. The composite knowledge index was analyzed using the Principal Component Analysis and converted into tercile as "poor", "medium", and "good". Household wealth index: The household wealth index was computed using a composite indicator for urban and rural residents by considering household asset properties and size of agricultural land. Principal Component Analysis was performed to categorize the household wealth index into "lowest", "middle", and "highest". Health care access: Mothers' health care access was determined by asking them how many hours it took them to reach health care facilities. If it took less than two hours, it was considered as "good" health care access and was coded as "1"; otherwise, "0" if it took two hours or more.
Missed opportunity: It was assessed if a child came to a health facility or an outreach site and did not receive the vaccination for which they were eligible.
Misconceptions about vaccine contraindication:
This was measured by asking misconception related questions using a five-option likert scale ranging from "strongly agree" to "strongly disagree". After computing the mean score, the status was dichotomized into "positive" and "negative" misconception about vaccine contraindication.
Data processing and analysis
Data were entered into Epi-info version 3. 
Results
Socio-demographic and economic characteristics
A total of 302 mother-infant pairs (152 controls and 150 cases) were included in the study. The mean (±SD) age of the mothers and the children was 29.53 (± 5.10) years and 16.92(± 3.17) months, respectively. In this study, more than three-fourths of cases and controls (79.9% and 76.3%, respectively) were rural dwellers. Two-thirds (64%) of cases and more than one-third (39.1%) of controls were male. Most of the caretakers for the controls and the cases (99.3% and 93.3%, respectively) were mothers. About two-thirds of the cases and the controls (70% and 63.8%) were uneducated. More than half of the cases and the controls of the mothers (68.5% and 58.3%, respectively) gave birth in less than 2 years of interval. The mean (±SD) next childbirth interval for cases and controls was 18 (± 9.1) and 21(± 11.4) months, respectively. Threefourths of the cases (74.5%) and nearly half of the controls (47%) gave birth more than three times. About two-thirds of the cases (63.3%) were born in the second order of birth, while 63.8% of the controls were born in the third order. More than three-fourths (75.3%) of cases and less than half of (48.7%) the controls' mothers had more than five family members (higher than the national average) ( Table 4) .
Mothers' health service related characteristics
It was revealed that most (95.3% and 98.7%, respectively) of the cases and the controls had heard about immunization. About 61.2% of the cases did not get health worker home visits in the last 1 month, while more than two-thirds of the controls (69.7%) were visited by community health workers. One-third of cases (34.7%) and more than twothirds of controls (73%) attended their prenatal care visits during their pregnancy. The report indicated that only onethird (35.3%) of cases preferred to deliver at health institutions. About one-third of the controls and the cases (31.3% and 36.2%, respectively) had poor access to health care (more than 2 h) ( Table 5 ). More than half (56.7%) of the cases did not maintain their vaccination cards, while about 57.6% of the controls' vaccination cards were maintained by the mothers or caretakers. Level of satisfaction with the health care provision indicated that two-thirds of the cases (67.3%) and one-third of the controls (39.5%) were not satisfied. A significant portion of the cases (66.7%) had a misconception on vaccine, while a similar proportion of the controls (67.8%) had favorable attitude towards vaccination. A similar proportion of the cases and controls (65.3% and 64.5%, respectively), had a positive perception of the benefits of vaccines ( Table 5) .
Predictors of incomplete childhood vaccination
Both bivariate and multivariate analyses were done to identify the predictors of incomplete childhood vaccination. The result of the bivariate analysis showed that the age of mothers and children, health worker home visits, lack of prenatal and postnatal care, home delivery, the level of mother's satisfaction, knowledge of vaccination, misconception about vaccines, and missed opportunity were common predictors of incomplete vaccination with a p-value of 0.2.
Consequently, these variables were subjected to multivariate analysis, and it was noted that higher odds of Table 6 ).
Discussion
The study assessed the predictors of incomplete vaccination among children aged 12-23 months in Amanuel district, East Gojjam zone. Socio-demographic and mothers' health service utilization characteristics were assessed, and the adjusted logistic regression analysis indicated that antenatal and post-natal care services, place of delivery, parity, and misconceptions on vaccine were the predictors of incomplete childhood vaccination.
Immunization is one of the most powerful and costeffective health interventions globally. It prevents debilitating illnesses and disability and saves millions of lives every year. Vaccines have the power not only of saving but also of transforming lives, giving children the chance to grow up healthy, go to school, and improve their life prospects [38] . Considering this acknowledged benefits of immunization, Ethiopia has adapted these established facts and set a target to improve full vaccination to reach 90% by 2020 [36] .
In this study, the result of the adjusted analysis indicated that the odds of defaulters from child vaccination were higher among mothers who had no prenatal care service during pregnancy than mothers who had prenatal care visits. The finding was supported by reports elsewhere [14, 17, 24] . Similarly, mothers who had no postnatal care visits had high odds of defaulting from childhood vaccination compared to mothers who had postnatal care visits. This may be due to the fact that mothers who had no prenatal and postnatal care visits missed the chance of communicating with health care providers to hear about the benefits of vaccination and the relevance of completing it. The impact of prenatal and postnatal care information mainly operates through the role of clinicians in the process of providing the right and up-to-date information to mothers. In fact, birth preparedness and immunization counseling are important components of prenatal care, and repeated visits help to bring the intended maternal behavioral change toward full childhood vaccination.
Similarly, in this study, higher odds of defaulters from childhood vaccination were reported among mothers who delivered at home. The finding of the study was in line those with other studies conducted in Ethiopia [24, 39, 40] , Mozambique [21] , Kenya [25] , and Tokyo [17] . This could be so due to the fact that home delivery was considered as a proxy determinant of poor access to health care service utilization. In addition, mothers who give birth at health facilities are closer to health services, and most of the time the first doses of vaccination are given just after birth in health institutions. The other probable justification can be explained by the fact that home delivery can be an indicator for the absence of health extension worker home visit (the case of Ethiopia) which subsequently affects health care service utilization. In the study, it was noted that mothers who had more than three parities had higher odds of defaulting from childhood vaccination compared to those who had only one. The finding is consistent with reports from Kenya and Bangladesh [14, 25] . This can be due to the fact that having more children may have a negative effect on health care utilization owing to competing for care responsibilities and because more children place competing demands on mothers, while time and resources available for the care of each child become less available.
The study also noted that mothers' misconception about vaccines is a predictor for incomplete childhood vaccination. This finding is similar to that of a study conducted elsewhere [11, 19, 26, 28, 41] . This is due to the fact that if mothers have a negative perception on the use of vaccination and its possible side effects, they will be less likely to take their children for vaccination according to schedule.
Though the study did its best to indicate the predictors of incomplete childhood vaccination, it is not free from limitations. Firstly, the measurement of vaccination status was based on vaccination cards and mothers' recall. Secondly recall bias in the reporting of vaccination status was not ruled out. Finally, variables that needed further qualitative investigations were not included.
Conclusion
In this study, incomplete vaccinations were noted among older children and mothers who lacked prenatal and postnatal care services, delivered at home, had multiple parity and misconceptions about vaccine contraindications. Therefore, the District Health Office needs to focus on strategies that could increase mothers' awareness of vaccination; health care providers should motivate and counsel mothers to attend antenatal and postnatal care health services. In addition, strategies such as health worker home visits could be used to identify defaulters in the district and work to help pregnant women to attend ANC, to deliver at health institution, and access PNC services. In addition, supervision and monitoring should be strengthened to increase full immunization coverage. Reminding and tracing mechanism is required for parents who default from childhood vaccination. Moreover, professional work on arousing health-seeking behavior, providing health education and communication are essential for curbing the poor and incomplete childhood immunization practice in the study community. 
